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Abstract 
Over the past few years, hematite (α-Fe2O3) has attracted much attention due to its ability to detect of various gases and vapors. 
This paper reports the effect of post-annealing process on nanostructure and NH3 gas sensitivity of α-Fe2O3 thin films. Fe thin 
films of 100 nm thickness were deposited by e-beam evaporation technique on SiO2/Si substrates and then post-annealed at 
different temperatures (600 and 800 °C) with a constant oxygen gas flow. The samples were characterized by X-Ray Diffraction 
(XRD) method. The electrical resistance of the films was measured in the air and at presence of NH3 (200 ppm) in the 
temperature range of 50-300 °C.  The results showed that Fe2O3 thin films prepared by post-annealing of Fe thin films are able to 
detect the ammonia gas and the best sensitivity was achieved for the sample post-annealed at temperature of 800 °C and at 
operating temperature of 150 °C. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
As one of the most important transition metal oxides with a band gap of 2.2 eV, hematite (α-Fe2O3) has received 
extensive attention due to its good intrinsic physical and chemical properties, such as its low cost, stability under 
ambient conditions, environmentally friendly properties, etc., Akl (2004), Wei et al. (2009), Wu et al. (2006). 
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Because of these properties, α-Fe2O3 nanostructures can have wide applications in many fields including optical 
devices, catalysis, magnetic recording materials, photochemical, pigments and gas sensors, Wu et al. (2006), Tang et 
al. (2006), Huo et al. (2000), Gong et al. (2002), Faust et al. (1989), Široký et al. (1994). As a sensor the α-Fe2O3 
nanostructures are able to detect the various gases and vapors such as NO2, NH3, CO, H2S, C3H7OH, C2H5OH and 
CH3OH, Bandgar et al. (2014), Balouria et al. (2013), Huo et al. (2005), Bandgar et al. (2015). All of these abilities 
are strongly affected by growth methods and preparation parameters, so that researchers prepare hematite 
nanostructures by different physical and chemical methods and study the effect of the growth methods and 
parameters on the sensing properties of α-Fe2O3 nanostructures, Bandgar et al. (2014), Balouria et al. (2013), Huo et 
al. (2005), Bandgar et al. (2015), Wang et al. (2000), Lee et al. (2001), Hao et al. (2011), Wang et al. (2010). The 
aim of this research is to investigate the ability of ammonia gas detection of α-Fe2O3 thin films prepared by post-
annealing of Fe thin films, and the effect of post-annealing temperature on NH3 sensing properties of the mentioned 
films. 
2. Experimental details 
Fe thin films of 100 nm thickness were deposited on SiO2/Si substrates, using electron beam evaporation at room 
temperature. The purity of iron was 99.998% and an Edwards (Edwards E19 A3) coating plant with a base pressure 
of 1×10−7 mbar was used. Film thickness and the deposition rate were measured using a quartz crystal deposition 
rate controller (Sigma Instruments, SQM-160, USA) positioned close to the substrate. The deposition rate was 0.4 
Å/s. Post-annealing of the thin films was performed at different temperatures (600 and 800 °C) in a horizontal tube 
furnace (Exciton, 1200-30/6, T.H, Iran equipped to Shinko temperature programmable controller – PCD 33A) with 
an oxygen gas flow of 200 standard cubic centimeter per second (sccm). The samples were reached the selected 
annealing temperature with a thermal gradient of 7°/min and were kept at the annealing temperature of 2 hours, then 
gradually cooled down to room temperature in the annealing environment.Crystallographic structure of the films 
was obtained using a Philips X’pert MPD X-ray Diffractometer (Cu Kα radiation) with a step size of 0.02° and the 
step time of 1 s. In order to measure the resistance of the films two gold electrodes with 100 nm thickness and size 
2×2 mm2 were deposited on the films. The electrical response of the films was tested to 200 ppm of NH3 gas at 
different temperatures in the range of 50-300 °C.  
3. Results and Discussion  
Figure 1 shows X-ray diffraction (XRD) patterns of Fe thin films post-annealed at various temperatures in 
oxygen gas flow. The diffraction patterns depict some peaks related to the hematite phase (α-Fe2O3) (with reference 
to JCPDS Card no.: 89-596). The patterns don’t show any crystallographic change relative to each other; however, 
the intensity of peaks is increased with increasing the annealing temperature.  
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Fig. 1. XRD patterns of Fe thin films post-annealed at different temperatures, (a) 600 °C; (b) 800 °C. 
 
The stabilization of semiconductor metal oxide films in ambient air prior to exposure of gas is very important, 
because it ensures stable zero level for gas sensing application Bandgar et al. (2014). Therefore, before exposing gas 
to our samples, the electrical resistance was allowed to be stable for 30 min. The electrical resistance of α-Fe2O3 thin 
films post-annealed at temperatures of 600 and 800 °C after stabilization as a function of temperature are shown in 
figs. 2a and 2b, respectively.  
 
 
Fig. 2. Electrical resistance of α-Fe2O3 thin films post-annealed at different temperatures, (a) 600 °C and (b) 800 °C as a function of temperature. 
 
It can be seen that the electrical resistance of post-annealed sample at higher temperature (800 °C) is more than 
the annealed sample at lower temperature (600 °C). This behavior is related to the fact that higher annealing 
temperature allows the better/more influence oxygen atoms to the Fe films and is consistent with XRD result, 
namely an increase in X-ray diffraction peaks with annealing temperature. The observed decrease in electrical 
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resistance with the measuring temperature is also attributed to the increase in carrier concentration due to the 
increase in temperature. 
The electrical resistance of Fe2O3 thin film in the air (Rair) and in the presence of NH3 gas (Rgas) was measured to 
evaluate the response of samples (S) which defines as Bandgar et al. (2014):  
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Figure 3 shows the electrical response of α-Fe2O3 thin films post-annealed at different temperatures as a function 
of temperature. The results indicate that the annealed sample at higher temperature (800 °C) shows more response 
than the other sample annealed at 600 °C, while the best response is obtained at 150 °C. 
 
Fig. 3.Ammonia gas response of α-Fe2O3 thin films post-annealed at different temperatures. 
 
Response time defines as the time interval over which resistance of the sensor materials attains a fixed percentage 
(usually 90%) of final value when the sensor is exposed to full scale concentration of the gas while the recovery 
time is the time interval over which resistance reduces to 10% of the saturation value when target gas is switched off 
and the sensor is placed in synthetic air. The response and recovery times of both the α-Fe2O3 thin films prepared in 
this work at operating temperature 150 °C are given in table 1. It can be seen that the shorter response and recovery 
times are related to the sample annealed at temperature of 800 °C.  
 
 
                      Table 1. Response, response time and recovery time of the α-Fe2O3 thin films post-annealed at different temperatures at  
operating temperature of 150 °C. 
Post-annealed temperature (°C) Response (%) Response time (s) Recovery time (s) 
600 5 78 89 
800 9 65 77 
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4. Conclusion  
Fe thin films of 100 nm thickness were deposited by e-beam evaporation technique on SiO2/Si substrate, and then 
post-annealed at various temperatures (600 and 800 °C) with a constant flow of oxygen for 2 hours. XRD analysis 
showed the formation of hematite (α-Fe2O3) phase for both of samples. Electrical resistance of the samples was 
tested to 200 ppm of ammonia gas at temperature range 50-300 °C. The results indicated that the α-Fe2O3 thin films 
prepared by post-annealing of Fe thin films were able to detect to the ammonia gas while best sensitivity for both of 
the samples post-annealed at various temperatures was achieved at operating temperature of 150 °C. The results also 
showed that the sensitivity of sample post-annealed at higher temperature (i.e. 800 °C) was more relative to that 
post-annealed at lower temperature due to the more/better influence of oxygen atoms which in turn caused higher 
values of resistance. . 
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